National audit of the recent utilization of endovascular abdominal aortic aneurysm repair in Canada: 2003 to 2004  by Forbes, Thomas L. et al.
National audit of the recent utilization of
endovascular abdominal aortic aneurysm repair in
Canada: 2003 to 2004
Thomas L. Forbes, MD, D. Kirk Lawlor, MD, Guy DeRose, MD, and Kenneth A. Harris, MD, London,
Ontario, Canada
Objectives:Worldwide, increasing proportions of aortic aneurysms are repaired electively via the endovascular route. The
purpose of this study was to report the recent utilization of endovascular repair in Canada by reviewing a national
administrative database.
Methods: The Canadian Institute for Health Information database (a collection of all acute care hospitalizations) was
reviewed to identify patients who received nonemergent repair of an abdominal aortic aneurysm (AAA) between April 1,
2003 andMarch 31, 2004. During this 1-year period, differentiation between endovascular (EVAR) and open repair was
possible using ICD-10-CA procedural codes in eight of ten provinces. Case volumes, patient age, length of hospitaliza-
tion, and mortality were stratified by method of repair, province, and size and teaching status of hospitals.
Results: In this 1-year period, 1996 patients in eight provinces (representing 72% of Canada’s population) underwent
open repair (n 1818, 91.1%) or EVAR (n 178, 8.9%) of a nonruptured AAA. National utilization rates were 8.4 and
0.8 per 100,000 population for open repair and EVAR. These rates were more constant for EVAR (0 to 1.3) then for
open repair (4 to 18.3) when analyzed on a provincial basis. Mean patient age did not differ between EVAR and open
repair (73.7 vs 71.9 years, P 0.4) while mean length of stay (5.8 vs 11.9 days, P 0.03) and in-hospital mortality (0.6%
vs 4.6%, P .025) were significantly lower for EVAR than for open repair. Most EVAR (96%) andmore than half of open
repairs (56%) were performed in academic teaching centers.
Conclusions:Although EVAR results in significant reductions in length of hospitalization and early mortality, it continues
to be underutilized in Canada compared with other national reports involving administrative databases. ( J Vasc Surg
2005;42:410-4.)During the last 10 years, enthusiasm for the endovas-
cular approach to abdominal aortic aneurysm repair
(EVAR) has resulted in widespread dissemination and ac-
ceptance of this technique. This has recently been rein-
forced with the publication of the early results of two
randomized controlled trials confirming a reduction in
early mortality with EVAR compared with standard open
repair in the elective setting.1,2 Before these randomized
studies, several reviews of national and regional administra-
tive databases reported increasing utilization of EVAR,
with impressive reductions in mortality and length of hos-
pitalization.3-6 This culminated in the recent report from
New York state, where more than half of elective aneurysm
repairs in 2002 were performed endovascularly, with an
outstanding in-hospital mortality rate of 0.8%.4
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410Until quite recently, it has not been possible to report a
similar review of EVAR utilization in Canada by using
administrative databases. Although previous studies have
used provincial physician billing information and hospital
discharge data to report aneurysm case volumes and out-
comes, these data did not differentiate between EVAR and
standard open repair.7 Recently, however, the Canadian
Institute for Health Information (CIHI) database began to
differentiate between aneurysms repaired endovascularly
and those via the open route. This resulted in the present
study, which was conducted to report the recent utilization
and outcomes of EVAR in Canada via this national admin-
istrative database and compare them with those after stan-
dard open repair. Of additional importance to surgeons
from other countries would be information obtained about
utilization rates within a government-administered health-
care system with restricted and limited hospital funding.
PATIENTS AND METHODS
The CIHI obtains information regarding all acute care
hospitalizations through a discharge abstract database. Un-
til recently, it was not possible to use this information to
differentiate between open and endovascular aneurysm re-
pairs. In the most recently completed fiscal year (April 1,
2003 to March 31, 2004), the tenth revision of the Inter-
national Classification of Diseases (ICD-10-CA)was used in
eight of ten Canadian provinces (excluding Quebec and
Manitoba) comprising 72% of the country’s population.
ion; LO
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between patients who received open and endovascular re-
pairs through different procedure codes.
The CIHI database was reviewed to identify patients
who underwent nonurgent open and endovascular abdom-
inal aortic aneurysm (AAA) repair during the 2003-2004
fiscal year. Patients with a ruptured aneurysm were ex-
cluded by means of their diagnostic code (ICD-10 diagno-
sis code 171.3). Possible data discrepancies were investi-
gated through direct contact with the involved institutions.
Case volumes, patient age, length of hospitalization, and
in-hospital mortality were stratified by method of repair,
province, and hospital bed capacity and teaching status.
Proportions were compared with the Chi-square test,
and means were compared with the Student’s t test, with a
level of statistical significance of P  .05.
RESULTS
During this 12-month period, 1996 patients in these
eight provinces underwent open repair (n  1818, 91.1%)
or EVAR (n  178, 8.9%) of a nonruptured AAA. The
initial CIHI dataset included only three EVAR cases from
British Columbia. This obvious anomaly was adjusted to 20
EVAR cases after a review of the database from that prov-
ince’s sole active endovascular aneurysm center during this
time period.8
As summarized in Table I, mean patient age did not
differ between methods of repair (73.7 vs 71.9 years, P 
.4); however, mean length of hospitalization (5.8 vs 11.9
days, P  .03) was significantly shorter for EVAR com-
pared with open repairs. The overall in-hospital mortality
rate was 4.2%, and the mortality rate for EVAR was signif-
icantly lower compared with open repair (0.6% vs 4.6%, P
.025). Neither mortality rate nor length of hospitalization
differed significantly among provinces.
National per capita utilization rates, using 2001 Cana-
dian census data,9 were 8.4 and 0.8 per 100,000 popula-
tion for open repair and EVAR, respectively (Fig 1). Al-
though per capita utilization rates for EVAR appeared
more consistent across the country (range, 0 to 1.3) than
for open repair (range, 4 to 18.3), these rates did not differ
statistically between provinces. Although the repair rate in
Newfoundland appeared higher, this is a small province
(just over 500,000 population) where only 94 repairs were
performed. Again, repair rates did not differ significantly
among provinces.
Case volumes, patient age, length of hospitalization,
Table I. Elective abdominal aortic aneurysm repairs: 2003
Total
N (PC) 1996 (9.2)
Age, yrs (range) 72.1 (71.7-73.1)
LOS, days (range) 11.4 (9.8-13.6)
Mortality % (N) 4.2 (85)
EVAR, Endovascular aneurysm repair; PC, per capita per 100,000 populatand mortality were examined according to hospital bedcapacity and teaching or academic status (Table II). Patient
age, length of stay, and in-hospital mortality did not differ
statistically when considering hospital size or teaching sta-
tus. Almost all EVAR (96%) and more than half of open
repairs (56%) were performed in academic teaching hospi-
tals during this 12-month period (Fig 2).
DISCUSSION
While we await further reports from randomized trials
that will further clarify what EVAR’s final role should be
with respect to good-risk patients and smaller aneurysms,
reviews that use administrative databases are informative
with respect to the current status of the utilization of this
technology and with the monitoring of trends. The current
study offers the first available data regarding the relatively
conservative dissemination of EVAR in Canada, where
indications for this approach have generally remained those
of higher-risk patients with suitable anatomy and aneu-
rysms measuring 55 mm in diameter. Although only
eight of ten provinces were included in this report, it
provides a framework for the monitoring of future trends in
EVAR utilization as data from the remaining two provinces
(Quebec and Manitoba) become available with their pend-
Fig 1. Per capital rates of total, endovascular aneurysm repair
(EVAR) and open aneurysm repairs listed as per province. AB,
Alberta; BC, British Columbia;NB, New Brunswick;NFLD, New-
foundland; NS, Nova Scotia; PEI, Prince Edward Island; SK,
Saskatchewan.
004
Open EVAR
1818 (8.4) 178 (0.8)
71.9 (71.1-72.9) 73.7 (72-81.8)
11.9 (10.5-13.8) 5.8 (3.0-9.4)
4.6 (84) 0.6 (1)
S, length of stay.to 2ing adoption of ICD-10 codes.
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lation of approximately one tenth that of the United States
(just over 30 million; 2001 Census9). When per capita
aneurysm case volumes rather than raw numbers are com-
pared, there appears to be a slight difference in elective
repair rates between the two countries. During the study
period, 9.2 per 100,000 population (Table I) aneurysm
repairs were performed in Canada compared with a range of
9 to 22 per 100,000 as reported in several United States
studies involving similar administrative databases.4,10,11
However, Canadian repair rates remained statistically con-
sistent nationwide, whereas at least one group has reported
significant differences in elective repair rates across the
United States.11
The present study’s in-hospital mortality rates compare
favorably with those previously reported. The 4.6% rate
after open repair is similar to the 4.8%mortality rate derived
Fig 2. The proportion of total cases (1996) performed nationally
(2003 to 2004) in hospitals of varying size and academic affiliation.
EVAR, Endovascular aneurysm repair.
Table II. Elective abdominal aortic aneurysms repairs by
hospital size and type
Procedure N
Age
(yrs)
LOS
(days)
Mortality %
(N)
199 beds Open 58 72.1 12.9 6.9 (4)
200-399 beds Open 395 71.6 10.6 4.0 (16)
EVAR 2 86.5 12.5 0
Total 397 71.6 10.6 4.0 (16)
400 beds Open 350 72.1 11.3 3.7 (13)
EVAR 5 70.8 4.6 0
Total 355 72 11.2 3.7 (13)
Academic Open 1015 72 12.7 5.0 (51)
EVAR 171 73.8 6.1 0.6 (1)
Total 1186 72.3 11.9 4.4 (52)
LOS, Length of stay; EVAR, endovascular aneurysm repair.from Johnston and Scobie’s12 prospective Canadian multi-center study of 666 open repairs of nonruptured aneu-
rysms. Previous reviews involving administrative databases
have reported similar early mortality rates of between 3.8%
and 8.4% after open repair.4,5,7,10,11,13-19 An obvious defi-
ciency with respect to these data is the limitation to deaths
that occur during the index hospitalization. As a proportion
of procedure-related deaths occur after hospital discharge,
such administrative databases often underestimate proce-
dure-related mortality and complication rates.
During the 12-month period of the present study, the
in-hospital mortality rate and length of hospitalization as-
sociated with EVAR proved significantly lower and shorter
compared with open repair. The 0.6% mortality rate is
similar to the 0.8% to 3.6%.rates previously obtained from
administrative databases.4-6 Despite these apparent advan-
tages with respect to length of hospitalization and early
survival, endovascular repairs accounted for only 8.9% of
total elective repairs. This proportion and its associated 0.8
per 100,000 population utilization rate appear especially
modest compared with the analogous 2002New York state
values of 53% and 4.7 per 100,000 population rate.4 This is
not due to lack of interest or appropriate training by Cana-
dian vascular surgeons, who have received comparable
training and express similar enthusiasm for EVAR as their
American colleagues.
Presently, a major deterrent to the increased adoption
of the endovascular approach in Canada is inadequate
financial support from the government-controlled health
plan. Both academic and nonacademic centers are allocated
operating budgets from which allocation of these limited
resources ensues. Funding for EVAR across Canada is
variable and often limited, as the additional graft costs
(approximately $10,000 per patient) associated with this
procedure20 are allocated to a hospital’s global operating
budget. Unlike in the United States,21 most Canadian
hospitals have allotted a fixed dollar amount or case volume
to EVAR, which can negatively impact a hospital’s operat-
ing budget. These case-volume restrictions are partially re-
sponsible for the continued restriction of EVAR to higher-risk
patients.
The Canadian health-care system differs from that of
Britain and Australia, as private or third-party funding is not
an option. Currently negotiations with provincial govern-
ments continue in efforts to assign a sufficient and sustain-
able budgetary allowance for this procedure. Industry as
well as the Canadian Society for Vascular Surgery, through
a recently published position statement,22 continue to be
extremely supportive of these initiatives.
Specialized vascular surgery services in Canada are in-
creasingly centralized in large-volume university-affiliated
hospitals. This is reinforced by the present study, during
which 96% of endovascular and 56% of open repairs were
performed in larger volume academic teaching centers.
Although not statistically significant, there was a slight
tendency towards decreased mortality in larger, university-
affiliated hospitals.
The trend towards centralization of aneurysm surgery is
supported by reports linking reductions in mortality with
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geon subspecialty training.7,13-19,23 Our own center’s ex-
perience would endorse the existence of this trend towards
centralization, as in recent years aneurysm patients have
been travelling greater distances for treatment.24 With re-
spect to endovascular repair, this has its advantages. Several
groups, including our own, have shown an improvement in
outcomes with increased surgeon experience.25
Such administrative database reports are valuable in
their descriptive abilities and can be hypothesis generating,
but they do have some disadvantages. Particular to this
study, gender-specific data were not available because sev-
eral hospitals and regions performed relatively few proce-
dures, resulting in concerns regarding confidentiality and
potential patient identification. Databases are also limited
in their provision of information about medical comorbidi-
ties, making accurate risk stratification difficult. Addition-
ally, the limited data subset available makes it difficult to
comment on the appropriateness of the current utilization
of EVAR.
Although we continue to advocate the consideration of
endovascular repair of aneurysms 5.5 cm in diameter in
higher-risk individuals, this may not be what is taking place
in practice. In a similar fashion, administrative reports from
Australia3 and France6 recently reported that up to a third
of endovascular repairs were performed for aneurysms mea-
suring 5.0 cm in diameter.
There will always be concerns regarding the accuracy of
information derived from such databases.26 The accuracy
of a discharge abstract database is obviously dependent on
those doing the coding and abstractions. Although a review
of the Medicare discharge abstract database reported a 25%
error rate for diagnostic and procedural codes, the accuracy
for primary diagnostic codes and surgical procedures was
significantly higher.27 Such a systematic error would tend
towards supporting the null hypothesis and decrease the
likelihood of noting a difference between groups.
In the context of the present study, CIHI regularly
audits selected institutions and their charts to identify and
prevent coding errors. Regardless, an apparently isolated
error was identified in the database involving the under-
reporting of endovascular cases in British Columbia.8 This
was confirmed with the examination of the local database,
and is presently being reviewed to minimize future occur-
rences. Reporting of open cases from British Columbia was
accurate. Although a formal audit of all individual hospital
databases was not performed, Canada has a small vascular
surgery community and the remaining results in this na-
tional review, particularly with respect to EVAR, were
consistent with those reported and presented previously at
other venues.
Despite these limitations, the present data represent the
current status of endovascular repair of nonruptured aneu-
rysms in Canada. As funding implications are resolved and
as data from all provinces become available, a trend towards
increased utilization of EVAR in Canada would be ex-
pected.Whether increased availability would result in wider
application to better-risk patients or smaller aneurysmsremains to be seen. A reduction in early mortality and
length of hospitalization was confirmed, but the appropri-
ateness and final role of the endovascular technique contin-
ues to await further results from the ongoing randomized
trials.
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